The western Provence in southern France is an intraplate low deforming region, cut by large sinistral strike-slip faults as the Nîmes Fault. The deformation rate of this fault was estimated at 0.1 mm yr −1 from geological and morphological observations. Nevertheless, some large earthquakes occurred in this area in historical times inducing well-documented partial destructions on the roman monument 'Pont-du-Gard'. In order to investigate if this area is seismically active, we installed a temporary seismological network of 14 stations between the cities of Nîmes and Avignon for a 1-yr period July-2003. We recorded and located a total amount of 80 earthquakes of magnitude Ml smaller than 2.8, and of 153 quarry blasts. The seismic event locations are interpreted in terms of regional tectonics as well as of geometry at depth of the Nîmes Fault and of possible seismic activity of the Roquemaure Fault. At the beginning of 2002 September, a catastrophic storm occurred in the same area with cumulated precipitations at 600 mm in 28 hr, causing casualties and major inundations and damages. We identified a clear and sudden increase of the seismic activity as an immediate consequence of this exceptional meteorological phenomenon. We interpret this rainfall triggering of earthquakes as the response of the crust to an abrupt vertical loading. The geological context of this zone is characterized by the presence of sedimentary basins and of an important karstic network in a calcareous environment allowing the retention of a third of the total rainwater volume during few weeks after the catastrophic storm. Month by month inversion of the seismic wave velocities for only the first 1-km thick layer of the crust allows investigating the influence of the stored water. A clear decrease of both P-and S-velocities, and an increase of the Vp/Vs ratio are evidenced. The variations obtained are at 2, 6 and 4.5 per cent for P-, S-velocities and Vp/Vs ratio, respectively. These variations are discussed in confront of previous studies and can be directly related to the known water volume.
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its relationship with the faults and the regional tectonics. We then selected the area delimited to the west by the city of Remoulins where the roman monument 'Pont-du-Gard' is located, to the east and to the north by the city of Châteaunauf-du-Pape and to the south by the city of Beaucaire (Fig. 1 ). This choice was guided by: (i) the occurrence of historical seismic events of intensities greater than VI as in 1769 near Avignon (I 0 = VII) and in 1946 south of Remoulins (I 0 = VI-VII), (ii) the presence of three faults with clear morphology and (iii) to avoid installing seismological stations in the alluvial deposits of the Rhône River, a calcareous area being better conditions to obtain seismological records of good quality.
Two months after installing our temporary network, the 2002 September 8-9, a catastrophic rainfall event affected this area resulting in 24 casualties, the damages being estimated to 1.2 billion euros. As a consequence, the rivers had immediate hydrologic responses with discharges reaching values never seen before (Delrieu et al. 2005) . According to the rivers, the response was different due to geomorphological factors and to the influence of karst. In fact, the karstic network was saturated and retained a great quantity of water, which was discharged during the following weeks.
The role of fluids in seismological processes is today a subject of great interest. Since a long time, seismicity induced by fluid injection or extraction in reservoirs or by filling up of dams is well known (Grasso & Wittlinger 1990; Grasso et al. 1992; Shapiro et al. 2006; Utkucu 2006) . Fluids and their migration or concentration in the crust are also invoked to explain changes in the stress field around the faults, particularly in the nucleation zone of the earthquakes (Audin et al. 2002; Boullier et al. 2004; Miller et al. 2004) . The influence of fluids was also evidenced during post-seismic and interseismic deformation processes (Yamashita 2003; Fialko 2004) . Above all, presence of fluids in the crust induces changes of the elastic properties of the crust and, then, of the characteristics of the seismic wave propagation. Some laboratory experiments were done in order to calibrate P-and S-wave velocities under different pore pressure (fluid filled materials) and lithostatic pressure conditions (Nur & Simmons 1969; O'Connell & Budiansky 1974) . Inversely, the seismic wave velocities are used to characterize crust and fault rheologies affected by fluid pressure (Watanabe 1993; Stern et al. 2001) .
In this paper, we study the influence of the sudden and intensive rainfall of 2002 September on the upper part of the continental crust. We will show that this meteorological event was so exceptional to clearly modify the rate of seismic activity and the seismic wave velocities in the Nîmes-Avignon area during the three months following the 2-d storm. Especially, the P-and S-wave velocities were clearly affected in the most superficial part of the crust most probably related to the geological context dominated by a welldeveloped gallery network in karst. We will then analyse and discuss these results with respect to previous studies focused on fault and on crust mechanical properties in the presence of fluids and pore overpressure.
S E I S M O T E C T O N I C S E T T I N G
The Provence region corresponds to a sedimentary cover made of Mesozoic and Cenozoic ages above a Paleozoic crustal basement. The thickness of this sedimentary cover varies from 7 km in the NW Cévennes-Nîmes region to 2 km to the east (Baudrimont & Dubois 1977) . During the last 6 Ma, this region was affected by important variations of the sea level inducing the formation of various successive erosion surfaces and canyons (Clauzon 1996) , which are used as morphotectonic markers, as the one found at 0.8 km depth near Châteauneuf-du-Pape (Schlupp et al. 2001) .
At present, the N-S deformation rate is estimated at 0.1 mm yr
by geological considerations over a period of 20 Ma (Champion et al. 2000) . Elsewhere, the geodetic estimates of the deformation rate vary from 0.6 to 2 mm yr −1 over a wide area including at least the Durance and the Nîmes faults (Ferhat et al. 1998; Nocquet & Calais 2003) .
The region of our interest is in the centre of the Provence domain, around the city of Avignon, on the western side of the Rhône River (Fig. 1 ). This zone comprises three major faults: a 65-km-long segment of the Nîmes Fault, the Pujaut Fault and the Roquemaure Fault (respectively NF, PF and RF in Fig. 1 ). Since Messinian (−5 Ma) age, the Nîmes Fault would have a sinistral strike-slip fault movement at a deformation rate of 0.08 ± 0.01 mm yr −1 (Schlupp et al. 2001) . However, although a paleoseismic evidence was found near Courthézon northeast of Châteauneuf-du-Pape city (Combes et al. 1993) showing the occurrence of one, maybe two, seismic ruptures in the past 250 000 yr, no cumulated deformation was observed in the adjacent Miocene deposits suggesting that the deformation rate is extremely low. The Pujaut Fault corresponds to a normal fault with a steep north dipping acting during the Oligo-Miocene time, the northward downthrown footwall being called the Pujaut graben or Pujaut Basin (Fig. 1) . Finally, the Roquemaure Fault is a somehow an 'unknown' fault, ignored by much of geologists, being considered either as inexistent or inactive.
In Fig. 1 , we also reported historical (1397-1946 period) and instrumental (1980-2000 period) seismicity. The seismicity is diffuse all over the studied area with no immediate relationship between earthquakes and faults. The most relevant historical events are the two 1769 earthquakes (I 0 = VII) so-called 'Avignon earthquakes' but both located at the Châteauneuf-du-Pape city at the tip of the mapped Nîmes Fault, and the 1946 earthquake (I 0 = VII) southeast of the city of Theziers, in the southward extension of the Pujaut Fault. Archaeological studies of the roman monument 'Pont-du-Gard' evidence successive partial destructions most probably due to seismic events occurred in the centuries I, IV and VI (Combes et al. 1997) . Over the instrumental period, the seismicity with magnitude Ml ranging between 1.8 and 3.6, is distributed in the entire considered region without clear link with the faults, excepted for two events located on the Roquemaure Fault. Marin et al. (2004) estimated that the return time period for a characteristic event of magnitude 5.3 is of 250 yr when for a characteristic event of magnitude 7 is more than 5000 yr on the Nîmes Fault.
T H E R A I N FA L L E V E N T O F S E P T E M B E R 2 0 0 2
The 2002 September 8-9, this region was affected by a catastrophic storm causing the death of 24 people and economic damages estimated to 1.2 billion euros. The heavy precipitations began the September 8 at 08:00 UT to finish the September 9 at 12:00 UT. This area is part of the hydro-meteorological observatory of the Cévennes-Vivarais region (OHM-CV) managed by LTHE laboratory in Grenoble, which allowed, in collaboration with Météo-France, having numerous collected data and a good knowledge of what happened during this event (Delrieu et al. 2005) . Particularly, several rain gauges in different parts of the area recorded hourly the precipitation amounts as shown in Fig. 2 for the Remoulins and Châteauneuf-du-Pape stations, two sites corresponding, respectively, to the western and eastern limits of our seismological network (Fig. 1) . The cumulated precipitations in the centre of our temporary network (between Nîmes and Pujaut faults) reached the value of 400 mm in 28 hr, when it reached 650-700 mm in the Alès city to the north.
Consequently and with short delays, most important floods affected the major rivers of the region and produced also flash floods of many upstream tributaries. The peak discharges reached values of 5-10 m 3 s −1 km −2 when the 10-yr return period discharge is typically 2 m 3 s −1 km −2 for Provence area. According to the measurements done at different parts of the area, these river floods were estimated to correspond to 70-100 per cent of the total amount of rainfall. Especially, it appears that in the karstic area the rainfall water retention capacities should be about 30 per cent. We observed that the karstic network released the stored rainwater and the Pujaut Basin remained inundated over 1-1.5 months after the rainfall event.
S E I S M O L O G I C A L N E T W O R K
We maintained the seismological network from the beginning of 2002 July to the end of 2003 June. We carried out 14 stations over an area of 34 × 28 km 2 ( Fig. 1 ), but considering various technical problems on the instruments (power supply, inundations, electronic failures), the network had a maximum of 13 and a minimum of 10 simultaneous working stations. In particular, station VAL drown under 2 m of water was stopped during two months (2002 September and October), station MND was definitively stopped in 2002 December consecutively to a complete breakdown and was substituted by station ISS, and station NEUF was stolen in 2003 April (Table A1 in the Appendix).
A station is constituted of a digital recorder with a three component short-period seismometer and a GPS or DCF antenna for absolute time recorded in parallel with the internal station clock. The stations were in a continuous mode recording with a sampling rate of 125 Hz. Generally the stations were rather noisy, because located in a region of intense economic activities as major railroads, highways, and quarries. Nevertheless, the accuracy of the P-and S-arrival time readings was estimated to be better than 0.05 s.
DATA ANALYSIS

Preliminary locations
The seismological signals of major amplitude were automatically extracted from the continuous records and the events were separated from noise caused by human activities near the stations. During the period of survey, 15 earthquakes with magnitude Ml ranging from 1.7 to 2.8 were located in the same area by the French permanent networks (Réseau National de Surveillance Sismique-RéNaSS, and Commissariat l'Énergie Atomique/Laboratoire de Détection Géophysique-CEA/LDG, data available on http://www.bcsf.prd.fr/). The magnitude of the (Kissling et al. 1994) for the 1-yr period of the temporary seismological survey.
other events we detected is fixed to 1 because of the impossibility to determine it precisely. The first question to solve was to determine a regional 1-D P-velocity model unconstrained until now. For that, we used the geological knowledge and the 15 common earthquakes detected by the temporary and the permanent networks. We then fixed a superficial layer of 1 km of thickness corresponding to the sediment filling in the Messinian canyons as those observed near Châteauneuf-duPape and Pujaut (Schlupp et al. 2001) . We also fixed a velocity contrast at 7 km depth corresponding to the maximum thickness of the Mesozoic and Cenozoic cover (Baudrimont & Dubois 1977) . Other three velocity contrasts were imposed at 12 km, 18 km and at 30 km depth, this last one being the mean position of the base of the continental crust in France. Our aim was to obtain the minimum residuals for the earthquake locations at both the temporary and permanent seismological stations. Thus, we used Hypo71 code (Lee & Lahr 1975) in a trial-and-error mode, in order to determine a preliminary P-(and S-) velocity model M1 (Table 1) , the Vp/Vs ratio being fixed at the common French value of 1.73. To avoid refracted waves, the maximum epicentral distance was imposed at 120 km, the nearest permanent station being approximately at 40 km from the centre of the temporary network.
Discrimination between seismic events and blasts
The second step was to distinguish the quarry blasts from the seismic events. A first differentiation was done by the specific waveform of blasts recorded at some specific stations. This way allows recognizing 5 per cent of the blasts only. Secondly, we located all the events with the velocity model M1 and we extract from the clusters found, the events occurring approximately at the same hours during the working days and the working hours. This selection of events as quarry blasts was confirmed by a decrease of their location residuals when fixing their depth at 0 km, the locations being at a distance smaller than 5 km from the known quarries. We were then able to locate a final set of 80 earthquakes and 153 quarry blasts with reasonable residuals (smaller than 0.5 s).
1-D seismic wave velocity model determination
Finally, we inverted simultaneously the P-and S-velocities and the earthquake locations using the Velest code (Kissling et al. 1994) . The blast locations were fixed at the quarry positions and at 0 km depth, the thicknesses of the layer of the velocity model were also fixed at the model M1 values. We then obtained the velocity model Vc (Table 1) . We estimate from several inversion processes varying the number of iterations and modifying the initial velocities that the uncertainties of P-, S-velocities and of Vp/Vs ratio are, respectively, of 0.05, 0.10 km s −1 and 0.06. As the same, the earthquake location uncertainties are estimated at 0.8 km for the epicentral position and at 1 km for the depth location. The determination of a 3-D seismic velocity model was not realistic because of the predominance of quarry blasts respect to the seismic events implying an insufficient sampling of the crust.
T E M P O R A L VA R I AT I O N S
Among the 80 located earthquakes (Table A2 in the Appendix), only 24 are located in the temporary seismological network, that is, these events have their epicentral position in the surface covered by the temporary network and, thus, are the best located. Figs 3(a) and (b) show the evolution with time over the 1-yr observation period of all the seismicity recorded. These figures reveal a clear increase of the seismic activity just after the rainfall of 2002 September (vertical arrow in Fig. 3 ), when the mean weekly seismic activity is at around 1-2 earthquakes. Among the 24 in-network earthquakes, 8 events (three of them with magnitudes Ml 1.4, 1.9 and 2.0, Table A2 ) occurred during the week following the catastrophic rainfall of 2002 September (Fig. 3c) . Another aspect of this after-rainfall seismic activity is the predominance of shallower events with depth smaller than 5 km (Fig. 3a) , as five of the eight earthquakes occurring the week after the rainfall in the network (Table A2) .
Other two specific features can be noticed about this clear raintriggered seismic activity: (i) the triggering initiates only 15 hr after the end of the storm (event of September, 10 at 3:29 UT, Table A2 ) at 1.8 km depth and (ii) the events are distributed all over the area of the survey and not concentrated in clusters (Fig. 6 ). These characteristics are significantly different from the commonly observed seismicity induced by rain and by artificial water reservoirs, specifically named Reservoir-Induced-Seismicity (RIS). First, in both cases, the seismicity is always described as being distributed in clusters with hundreds of events (see Gupta 2002 for a review, Kraft et al. 2006a, b) , when in our study no swarm is distinguished. Secondly, the time delay between the cause of triggering and the beginning of the induced seismicity is generally days and months and not hours (Gupta 2002) . For impoundments of dams, the time delay is 1-3 months (Gupta 2002; do Nascimento et al. 2004; Peinke et al. 2006) , and for rain-triggered seismicity as at Mt. Hochstaufen, SE-Germany is 9-11 d (Kraft et al. 2006a) .
Although, the triggering mode of this type of seismicity is still in debate, several authors (e.g. Bell & Nur 1978; Gupta 2002 ) have underlined three main possible mechanisms: (i) the loading effect due to the filling of the reservoirs or of the karstic network inducing an increase of the elastic stress in the crust, (ii) the increase of the pore fluid pressure in response to elastic stress increase and (iii) the pore fluid pressure changes due to fluid migration into the hypocentral zone. Most probably the three mechanisms act all together, but with different time delay of response. In fact, it is considered that loading effect generates a rapid response of the seismicity when fluid migration generates the most delayed response. In our study, the seismicity response being very rapid should be considered directly related to a loading effect due to the quantity of rainwater stored in a brief period. Nevertheless, pore fluid pressure diffusion and, maybe, fluid migration, should be responsible for the later seismic events as the M = 2 event of October 1 (Table A2) .
The inundations and the runoff of the water from the karstic network were observed until the mid of the month of October. The presence of such a quantity of water in the superficial geological layer would have consequences on P-and S-wave velocities (Vp and Vs, respectively). We tested this hypothesis inverting month by month the event locations, and Vp and Vs in only the first layer on the Vc model (Table 1) with Velest code. The initial conditions of the inversion are the Vc velocity model and the associated event and quarry blast locations. Off the located earthquakes, only three have depths smaller than 1 km, when, obviously, all the quarry blasts are at the surface of the first layer but with fixed locations. The P-and S-wave velocities for the layers deeper than 1 km are fixed at the Vc model values. The changes in the final earthquake locations obtained by this new inversion process are in the uncertainties of those obtained with the Vc model and, then, do not modify the pattern of the distribution of the seismicity. The monthly P-and S-wave velocities, and then the Vp/Vs ratio obtained for the first 1-km-thick layer vary also in the uncertainties excepted for the months of September, October and November (Fig. 4) . The P-wave velocity (Fig. 4a ) decreases to the value of 4.50 km s −1 in September, remains at this level in October and increases to return to its mean value of 4.58 km s −1 in November and December. Then, the maximum variation here obtained is 1.5 per cent. The S-wave velocity (Fig. 4b) shows the same behaviour with a decrease to a value of 2.45 km s when the mean value is 2.58 km s −1 , implying a maximum variation of 5.5 per cent. The S-wave velocity returned to its mean value in November more rapidly than the P-wave velocity. Thus, the Vp/Vs ratio (Fig. 4c) shows an abrupt increase in September to the value of 1.85 when the mean value for the year is 1.77, that is, a maximum variation of 4.5 per cent. As it can be noticed, Vs and the Vp/Vs ratio show oscillations after November. These oscillations are due to the small number of events (a mean of 20 events, i.e. earthquakes and blasts) used to invert the velocity model at each month. The Vp/Vs oscillations are principally related to the oscillations of Vs for which the arrival times used are less precise and less numerous than for Vp. In fact, the oscillations disappear when we subdivide the year in six periods of 2 months, increasing the data used for each inversion as shown in Fig. 5 . This last figure also confirms the clear decrease of the P-and S-wave velocities and the increase of the Vp/Vs ratio just after the storm of September.
We then suggest that these variations of the wave velocities are clearly related to the rainfall event and, then, to the filling of the local karstic network and the saturation of the ground waters. The return of the wave velocities to their mean values in November and not in October as it would be expected, is most probably due to new episodes of rainfall in November delaying the flowing of the water stored in September.
S E I S M I C E V E N T S D I S T R I B U T I O N
The final locations of the earthquakes is shown in Fig. 6 and listed in Table A2 . It is also shown the P-residuals (NS bars, positive to the north) and S-residuals (EW bars, positive to the east) at each station. The mean values are 0.1 s and 0.3 s for P-and S-residuals, respectively. The most important residues are found at the stations NEUF and ABAY. For the first one, these high values are due to the location of the station in the Rhône River valley on alluvial terraces, and for the second one they are most probably due to a local site effect.
The seismicity distribution appears quite similar to that observed with the historical and instrumental seismicity ( Fig. 1) with no immediate evidence of relationship between seismic events and faults. Especially, the seismic activity occurring between the cities of Remoulins and Rochefort, and near the stations of SLA and THE, seems to be a permanent feature through time. The earthquake with largest magnitude (Ml = 2.8; 2003 April 6, Table A2 ) well felt by inhabitants is located east of station THE where earthquakes occurred in historical and instrumental times. The same observation should be done for the area around SLA station on the Roquemaure Fault. A specific feature concerns the events located north to the city of Châteauneuf-du-Pape. This activity is in an area including three quarries named J, K and L (Fig. 6 ). These events were analysed with great caution and they are effectively considered as seismic events because (i) some of them are detected by permanent stations, (ii) others occurred in not working hours and days and (iii) for the events out of the two first circumstances, the location residuals are greater than 1-1.5 s when they are fixed on the quarry positions. We present in Fig. 7 , NS and EW cross-sections with all the events projected, the shaded diamonds being the historical and instrumental seismicity for which depths are unconstrained and fixed to 5 km. If a major part of the 2002-2003 observed events have depths smaller than 10 km, few earthquakes are located at depths between 10 and 20 km, and few at depths greater than 30 km. These last ones located south of the city of Nîmes being out of and far from the temporary network, their depths have greater uncertainties and they are, therefore, difficult to interpret. Then, the major part of the observed seismic activity takes place in the sedimentary cover of Mesozoic and Cenozoic ages.
In order to analyse more precisely the seismicity located in the network and its relationship with the faults, we realize two other cross-sections with a half-band width of projection of 9 km, indicated as 1 and 2 on Fig. 6 and shown in Fig. 8 . On both sections, no earthquakes are associated with the Pujaut Fault for which we have poor knowledge on the geometry at depth. Some events can be linked to the Nîmes Fault plane at depth. The geometry at depth of this fault deduced from seismic images is considered as a vertical plane until 5 km at maximum and flattened to the SE (Benedicto et al. 1996) . Section 1 (Fig. 8a) may confirm that the Nîmes Fault plane is vertical until at least 5 km depth, when section 2 (Fig. 8b) shows seismicity sparser and maybe related to the Nîmes Fault until 10 km depth. In any case, it is impossible here to image and to confirm the low-angle geometry at depth of the Nîmes Fault as proposed by Benedicto et al. (1996) . As concerns the Roquemaure Fault, Section 2 (Fig. 8b) shows seismicity north to the fault with a dip to the north. This suggests that the Roquemaure Fault might have some activity contrarily to what was considered until now. The observed activity is located to its eastward apparent termination. It might be also triggered by the rainfall event of September.
SE NW
D I S C U S S I O N A N D C O N C L U S I O N S
What about the geometry and activity of faults?
Maintaining a temporary seismological network of 10-13 stations over a 1-yr period July-2003 in the Provence region between the cities of Nîmes and Avignon (southeast of France), we precisely located 80 earthquakes with magnitude Ml smaller than 2.8 and with depths mainly smaller than 10 km. The distribution of these events seems to follow a SW-NE trend parallel to the Nîmes Fault direction (Fig. 6 ). As also seen on the cross-sections (Figs 7 and 8), only a part of this seismic activity seems to be linked to the Nîmes Fault and the Roquemaure Fault. Our observations do not allow to confirm if the southwestern part of the Nîmes Fault is really active today despite the suspicion that it was responsible of earthquakes damaging the roman aqueduct 'Pont-du-Gard' in historical times. However, the observed seismicity suggests that its central part is still active, already postulated from the distribution of both historical and instrumental events (Fig. 1) . Concerning the geometry of the faults at depth, our data shows that the Nîmes Fault is vertical until 5 km depth and that the Roquemaure Fault may have some activity within its eastern termination when two earthquakes are associated to its central part (1986 June 18 Ml = 2.6; 1997 June 26 Ml = 3.1- Fig.  1 ). The event distribution at depth shows a possible dip of 50-60
• to the north until 10 km depth (Fig. 8) .
A triggering effect of rainfall
Among the 80 located events, 24 are in the network for which 11, that is, 40 per cent, occurred during the two weeks following the catastrophic rainfall of 2002 September 8-9. There is a clear link between this meteorological event and the triggering of the earthquakes (Fig. 3) . As mentioned before, three mechanisms are invoked to explain the triggering of earthquakes by artificial water reservoir filling or by rainfalls. The time delay separating the formal cause of the triggering and the occurrence of the first earthquake allows distinguishing in between these three processes. In commonly studied cases (Gupta 2002) , the mechanism admitted is the pore fluid pressure change at hypocentral depths due to fluid migration. This mechanism is timely controlled by the pore pressure diffusion, the increase of the seismicity having commonly a delay of 1-3 months after a specific event concerning water reservoir level (filling or discharge), the known shorter delay being at 10 d in the case of the rainfall-triggered earthquakes in the SE Germany (Hainzl et al. 2006; Kraft et al. 2006a) . In our study, the triggering of earthquakes initiates 15 hr after the end of the storm excluding a pore fluid diffusion. The most important consequence of the great quantity of fallen water is an abrupt vertical loading on the ground surface. If we consider a high porosity for the 0.8-km-thick sediment filling up of the Messinian canyons (Schlupp et al. 2001 ) associated with a well-developed karstic network, that might correspond to a 800 m water column at maximum, and then to a maximum overpressure of 80 bars (or 8 MPa) . This is largely sufficient to trigger seismic activity in the first kilometres of the crust. In fact, stress variations deduced from static Coulomb Failure Function have generally triggering earthquake thresholds of about 0.1 bar (e.g. Reasenberg and Simpson 1992 ). An example of triggering earthquakes due to vertical loading on the ground was observed after the construction of the Taipei 101 tower (Taiwan). In this case, the vertical loading was estimated to be 'only' 5 bars (0.5 MPa), clearly sufficient to trigger seismicity until 10 km depth (Lin 2005 ). If we consider this value of 5 bars for the vertical loading in our case study in the French Provence as reasonable and sufficient to trigger the observed seismicity until 8 km depth, that corresponds to a 50 m water column, which seems to be also reasonable and perhaps more consistent with the geological and the meteorological contexts. Moreover, in our study, we can consider two categories of earthquakes following Simpson et al. (1988) . (i) The 'rapid response' category including the earthquakes occurring the two weeks after the storm, and for which the triggering is linked to the vertical loading of the rainwater on the ground. The stress increase might be transferred into the upper crust (2-5 km depth) due to soft sediments and, maybe, to fluid saturated rocks, vertical stress diffusing more rapidly than pore fluid.
(ii) The 'delayed response' category for the events occurring in the weeks following, where stress variations due to the previous earthquakes, pore fluid diffusion and fluid migration act. In any considered case, it seems clear that the triggered seismicity is facilitated by the pre-existing faults and associated fractures in the upper crust.
A wave-velocity variation effect
At least a third of the total volume of rainfall water of the September storm was stored saturating the ground water reservoirs and the galleries of the karst (Delrieu et al. 2005) . We observed that this stored water was released during 1.5 months after the storm. Such saturation of the superficial part of the crust should have consequences on the seismic wave velocities (Nur & Simmons 1969; O'Connell & Budiansky 1974; Husen & Kissling 2001; Stern et al. 2001) . We tested this hypothesis and we found a significant decrease of wave velocities in the first 1-km-thick layer of our Vc velocity model determined for the 1-yr observation period (Fig. 4) . Both P-and S-wave velocities are affected during the months of September, October and with less evidences of November. As observed by Husen & Kissling (2001) in Chile for the 1995, M W = 6.6 Antofagasta earthquake, the decrease of S-velocity is more important than of P-wave velocity decrease implying an increase of the Vp/Vs ratio. Husen & Kissling (2001) and Stern et al. (2001) showed variations of Vp/Vs ratio and P-wave velocity at around 6-10 per cent. In our study, the variations for P-, S-wave velocities and Vp/Vs ratio are 1.5-2, 5-6 and 4-5 per cent, respectively, that is, twice smaller than the previous mentioned studies. Considering a mean cumulated rainfall height of 600 mm over an area of 1500 km 2 (Delrieu et al. 2005) , we obtain a water volume of 825 × 10 6 m 3 , a third of this being at least of 250-300 × 10 6 m 3 corresponding to the volume of stored water during the first weeks following the catastrophic rainfall. The variations of wave velocities and Vp/Vs ratio detected in the crust are commonly interpreted as variations of pore and fluid pressures without any quantification, except in terms of in or out lithostatic/hydrostatic pressure conditions. This quantification is not possible without its direct measurement, because of the lack of direct correlation between wave velocities and associated fluid volumes. According to our results, we then suggest here that a variation of 5 per cent of S-wave velocity and Vp/Vs ratio and a variation of 2 per cent of P-wave velocity might be due to, at least, a volume of 10 8 -10 9 m 3 of water.
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